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FOREWORD
This document is submitted in accordance with the
requj.^ements of Article VIIIA of Contract No. NAS9-9261}
and comprises the Phase T Summary Report for the period
ending 16 April 1969.
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ABSTRACT
This report preoentd the results of a parametric study to
determine time ­temperature--vacuum  relationships for sterilization
of terrestrial bacterial spores. Spores of Bacillus op. G'2p
Bacillus sub, 	var niger and Clostridium sporogenes were ex-
posed to temperatures of 25, 70 ► 90 rind 110'C at atmospheric
or vacuum (10-6 Torr) pressure for periods of 2 and 20 hours.
No effect of vacuum pressure was noted for spore survival at
2500. At 7000 Bacillus sp. G2 and B. subtilis var niger spores
were not affected at atmospheric pressure and CI sporogenes
spores demonstrated slight susceptibility, D-value 13.81. At
the vacuum pressure B. subtilis spores were not affected, but
Bacillus sp. GP spore D-value was 4
- 31 and Cl. sporogenes
spore D-value was 4.48. At a temperature of 967—the D-values
for Bacillus eD. G2 were 25.48 at atmospheric pressure and
29.75 tit vacuum Pressure.
niger spores were 87.47 a
vacuum pressure. 'Spores
5.49 at atmospheric
D-values for spores
atmospheric pressure
sub  var niger h
pressure and 2.92) a t
resistance to 1100 C
V
The D-values for B. subtilis var
t atmospheric press^ure_and 10.67 at
of 01 sporogenep, had D-values of
Pressure and 3.7) at vacuum pressure. The
of Bacillus spa G2 at 1100C were 7.27 at
and 3.13 vacuum pressure. Spores of B.
ad D-values at 110°C of 4-53 at atmospheric
Cl snorgenes had little
4.34 at atmospheric pressure
be stated that generally
vacuum preSSU-40 (10-6 Torr) increases the Susceptibil i ty of
spores to temperature.
vacuum pressure.
with D-values of
and 4.51 at vacuum pressure. It may
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K1.0	 IN $,RU.i UIC",4 I1dN
`fhe object i ve of this program was to determine the combined
effects of vacuum, time and temperature on the sterilization of
resistant terrestrial bacterial spores. The Phase I of the 
program was to determine only the effect of a vacuum of 10-
`.L'oa r at four temperatures i ambient (2500)v 7000 9 9000 and 11000
on spore survival. Spores were subjected to these conditions
for periods of two and 20 hours, and the number of survivors
was determined. Experiments were designed so that test rand
control samples weave exposed and analyzed under identical
environmental conditions.
Spore;. of Bacillus subtilis var nom, Clostridium spoorogenes
and Bacillus op GP were selected for this a t,udy. B. subs
var ni er is the NA 3A standard tgst microorganism, 21. soorogenes
is an anaerobe and Bacillus sp GZ is rf,portedly*a very heat
resistant spore.
T'nise 1 was so designed as to provide only preliminary
information regarding the effect of vacuum, temperature and
time on the survival of resistant terrestrial bacterial spoa%s.
2.0 MATLRI kLS AND yz";:`. HODS
2.1 Test Spores
Bacillus sp. G2. Spores of Bacillus sp. G2 were produced
b,} cells grown on Thermoacidurans medium (Difoo 0305-01) at
32
0
 C. Most cells h(,i,d sporulra,ted prior to exra,mina.tl.on zit 24
hours incubation.
Clostridium s_ ro ►ones. Cl. aporogenes produced spores when
cultured anaerobicaa,lly on Thioglycol late medium ( BBL 01-135)
at 320C. Anaerobic conditions were established using "Gaspa.k"
anaerobe jars (BBL 60463) with "Gaspak" hydrogen generators
(BBL 70304).
Services provided in Support of the Planetary duarantine ^
Requirements of the National Aeronautics and Space Administration
under Contract R-137. Report No. 19, July 1967, Planetary
Quarantine Unit, Phoenix Field Station, National Communicable
Disease Center, Phoenix, Arizona.
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Bacillus subt- lio, var. ni er. Spores of 13. subti l:i.:a wets- supplied
by NASAq MSC, Hous ton.
Spores of Cl, sporo,renes, Bacillus 	 G2 and H. subtilin
were harvested in cold sterile distilled water and washed twlco.
Respective spore crops were then suspended in 0.15 mg/ml
ly-sozyme in 0.1 11 potassium chloride and shaken for 3- to 4-
hours at room temperature to remove sporangial fragments and
cellular debris. Spores were then washed repeatedly until thoy
appeared free of foreiim materials when observed using, phase
contrast optics*.
Washed Spores were concentrxted by centrifugation and
stored at -18 0.
2.2 Membrane Preparation and Inoculation A soluble paper
AO
	(^;Ilb>~dth. Co., 212 East Courtland St., Phi,l.adelphia, Pry,. 19120)
was used to support the spores within the test chamberoo This
paper is readily dissolved when placed i% water, consequently
releasing spores from ito surface and Viereby nrovidin;r aa, good
method for quantitative spore assay.
Spore support papers measured 4 3/4" X 8 1/2". 1!!a,ch papor
wao divided into four vertical sections one inch wide separated
by 1/4 inch buffer zones. Horizontal,l.y, each paper was divided
into three two inch zones separated by 36 inch buffer zones
with a one inch and a )6 inch margin at respective ends. Figure
1 shows the pattern for each spore support paper. Each paper
was scored by running a scalpel along the dashed division lines
prior to sterilization, This facilitated separation of the
respective spore test papers following exposure to test or
control conditions.
Each spore support paper was enclose- in an aluminum
foil envelope and sterilized in a hot air over, under nitrogen
at 135 0 C for 6 hours.
Alcoholic (95/ ethanol) suspensions of the test spores
were used to inoculate the sterile support pre ys. 0,A ml
of each suspension containing from 1.0 4 to 10 spores was placed
*Lechowich, It., and Z. J. Ordal, 1962. Canad. Jour. Micro-
biol. 8: 287-295.
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FIGURE I - Spore Support Paper Pattern
CTL	 CS	 r	 CS	 CS
^	 i	 I	 i
CTL
	
BS	 BS	 BS
(^	 i	 i	 ^	 1
CTC	 BG2
	
i	 BG2	 BG2
^	 ^	 i	 I	 1	 ^
Symbols: CTL - Control; CS Clostridium sporogenes; BS
T $5^cillus bubtilis, BG2
	
Bacillus  sp. G2.
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I I -	 t.	 4in each oV throo	 IXI inch arena for e.aoli ty w- wai,
Opore. kfttmro. I llluntrtten the re:weetivo 1003Lionn of eooh
toot spore rind uninoculawd controlo oiL t 	 tnwport Y);vfitl,
Inoculatod membr•tneo wero dried from '$'4 to I'#' hount.3 prior Lo
use in a vacuum deoiocator over 1'205 used as the denio(!kanto
2.,7) Thermal Vacuum Appaatrue - The chambers usod for the
thermal-vacuwn exposures were mode from standard, off-tho
shelf vacuum, components (Yig. 2). A atandard 411 diamotor
nipple section wau used for the chamber and was sealed on both
ends with standard ) metai gasketed, 4 11 flanges. Bellow oealed
1)j valves were used for isolating the chambers and, vaoi-AM
system and a 1/4 11 bellow sealed valve was used for repressur-
ization.
Chrome-con3tantan thermocouples were spot welded on the
exterior of the chamber wall at positions corresponding,
approximately, Ix the top, middle and bottom positions of the
inside spore fitrip. A single the.rmocouple was also spot
welded to the top flomgo. The bottom flange temperature wgru,),
measured intermittently with a probe theiin000uple.
Heating, of the chamber walls was attained by Virot wrapp-
inttl the walls with H mil roil aluminum, servint; as a heat
dissipator and prevonting local hot spots, followed by a
wrapping, of stainleet.) steed., asbestos shealed nichrome heatini,
element. The flange endo were heated with 2 50 w infra-red
spot lamps. Power input to the heater element and lamps were
controlled individually with autotransf ormors.
innoculsA ived spore strips were positioned and held againot
the chamber wall with three stainless steel spring clips
("'ig - 3) #
The vacuum pumping system consisted of an Ultek TNB Byo-1vem
utilizing sorption pumping, titanium sublimation and ^*O 1/801C
ion pumping coupled with a Varian 280 I/sec ion,pump (Fig 4).
With this combination pumping, pressures of 10 - - l0-7 Torr
were maintained for all temperature conditions investigated.
The chamber temperatures were monitored and recorded on
a 28 channel Beckmtm indicating and recording sys tern. All
tli prmocouples used a "hot" reference temperature of 65.50C.
"`	 Tfio combined system error for measurement of temperature is
esLimated to bo no greater than + 0.50C.
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The chambers were sterilized prior to each control and
test experiment. Sterilization was achieved by heating the
chambers in a hot air oven at 145°C for a period of 24 hours.
2.4 Thermal.-Vacuum Exposure Procedure_ - The exposure procedure
on all chambers consisted of the following:
1) Sterile, sealed chambers were attached to the vacuum
system. Both atmospheric control and vacuum test chambers
were attached to the system to expose all chambers to the
same handling procedures.
2) All thermocouple and heating control connections were
made and checked prior to starting.
3) Rough evacuation of the system was init:i..i+ted, first by
roughing the plenum, then the text chambers, in order to
keep the initial gas flow in a positive direction away
from the chamber.
4) Upon lowering the system pressure to the 10-6 Torr
range, heating of the test chamber flanges was begun on
the elevated temperature tests. Heating of the control
and test chambers was conducted simultaneously to produce
the same temperature-time history on all test and control
chambers.	 '
5) Heating of the chambers on all elevated temperature
rune was started, first by heating the end flanges to
within 18-250C of the desired test temperature, and then
simultaneously applying heat to the chamber walls to attain
the desired temperature on the entire chamber at the same
time.
6) After the proper time exposure, chambers were allowed
to cool while under vacuum, then valved off and removed
from the vacuum system with the spore strips receiving no
exposure to high pressures in the warm condition.
7) In the ambient temp (25 00 runs, the test was c9nsidered
started when, during the evacuation, a level of 10- Torr
was reached.
2.5 Test Parameters - The test conditions were selected for
comparison ` of the effect of heat plus vacuum pressure with the
effect of heat alone on the survival of terrestrial bacterial.
8
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spores. The three tt;st spores were exposed to respective
tem9eratu.^e of ,? , t? C, `l0 c'C, ^)O°C Wid 11000 at a pressure of
10- `1'orr for periods of :' and .'0 houro. The three tent, sporoo
were exposed to "con.urol" conditiono, dupliw tine; those doscril)-
ed above except atmospheric pressure wa,.; used for each temper-
ature condition. Counts were made for three replicuto inoculcated
control membranes maintained at ambient conditions prior to
each test in order to establish the ma6mitude of spores placed
on the test membranes. One 1x2 inch control strip from each
spore support paper was analyzed to determine if significant
cross contamination occurred during the test procedures.
2.6 Microbiological quantitative Procedures - Teat and owitrol
spore papers were removed from the thermal. vacuum chambers
immediately following the completion of respective tests. A
class 100 laminar crossflow bench was used for processing; the
r	 spore papers. Using; aseptic tec yulique, the papers were separated
into the individual spore membranes which were immediately
placed into the sterile diluent, which was 15 ml of 0.003 M
phosphate buffer. The Membranes were dissolved by shaking
them with the diluent for 1 minute. Serail dilutions (10 -
through 10-6 ) a ink; 0,003 M phosphate buffer 99 ml blanks,
were prepared for each test and control spore suspension.
Spore dilutions of Bx subtili n var ni er and Bacillus sp. G2
were plated in duplicate using Trypticase soy agar Difco
0369-01) and incubated at 32 0C. Snore dilutions of C1. sporo,genes
were plated in duplicate using Thioglycollate agar andin-
cubated under anaerobic conditions (using the "Gaspak" ,jar) at
320C. Colony counts were made after 24 and 48 hours of in-
cubation except for Cl. sp2r2gene F3 which were counted once
at 48 hours. The recorded data represents average colony
counts from duplicate plates. Only plates having between 30
and 300 colonies were counted.
2.7 Statistical Analysis .. For each set of data (vacuum-
time-temperature relaticnship), a regression curve of popu-
laticns versus time was fitted using, the method of least squares.
Upper and lower. 95 confidence limits were computed as a part
of the regression analysis. Tr,e regression curves were used to
determine D-values for each temperature and pressure. An BM
1130 Computing; System was used for the data analysis,
To make the data comparable till 2 hour counts were multiplied
by a fao for that catzsed the 2 hour inoculum to have the same
mean value R3 the 20 hour inocul,=.
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3.0 RESULTS AND ,DISCUSSION
3.1 Microbiological Aspect - The three test spores selected
for the experimentation proved of value during quantitation
following exposure to the test conditions. The use of three
types of spores concurrently during test and control procedures
opened the door for chance of cross contamination among the
test spores. This was indicated (Table I) by the appearance
of the test spores on the uninoculated portions of the spore
papers. It is probable that this cross contamination is a
result of the inoculation procedure, rather than a phenomenon
occurring during the test, as the untreated membranes used to
establish the base-line spore number show the cross-contamination.
It is believed that the magnitude of the cross contamination
(Table I) is of little consequence for the test as the value
is several logs below the apore counts for each test species.
Thus, due to the dilution factor, the cross contaminants will
not be tabulated for the inoculated spore papers.
Furthermore, it was a simple task to differentiate the
test spores on the basis of colony morphology and selection
of only the clostridia test spores by anaerobic conditions.
The B. subtilis colonies were lens shaped, smooth and pigment
reddish orange. The Bacillus sp. G2 were craterform, rough
and white*. With this basisit was possible to differentiate
the test species and contaminants.
3.2 Temperature Record - Table II presents the temperature
profiles of the test chamberE during each vacuum and control
experiment. The lag time to achieve respective temperatures
as well as the variance (within _+ 2 0C) of the temperatures
is presented within this table.
3.3 Effect of Vacuum Temperature and Time on Sterilization -
T he effect of vacuum (10- 0
 Torr) at ambient temperature (250C)
is negligible (Table III) for the three test spores (Figures
5 1 6 and 7). Following a 20 hour exposure of the Bacillus
sp. G2 spores to atmospheric and vacuum pressure there is a
slight increase in viable number (Figure 5). This also occurred
with the test spores of C1 sporogenes exposed to atmospheric
pressure (Figure 7). This slight increase may be attributed
to experimental variation or an increase in viable number as a
result of dissruption of spore clumps. In any case vacuum at
250C does not appear to adversely effect bacterial spores at
25oC.
10
TABLE I - Cross Contamination on Spore Beuring Papers as in-
dicated by the Composite Number of Viable Spores
Found on the Wnocul.ated Control. Sections.
CONDITIONS COUNT
TEST TEMP. TIME-HOURS PRESSUREw VIABLE SPORES
Untreated Spore Paper 2.0 x 103
25a 2 Atm1 1.0 x 103
1 250C 2 Vac2 1.3 x 103
250C 20 Atm ?.2 x 103
, 220C 20 Vac .6 x 103
Untreated Spore Paper 2.0 x 101
1100C 2 Atm 1.7 x 104
11 110°x; 2 Vac 4.0 x l02
11000 PO Attu 6
1.10°C P.O Vac l
Untreated Spore Paper 1.8 x 101
90°C 2 At ►n 6.9 x 1o2
111 90°C 2 Vac 25
900C 20 Atm 2
900C 20 Vac 1.8 x l02
Untreated Spore Paper 2.3 x 101
?00C 2 Atm 4.2 x 102
IV 70"C 2 Vac 3.5 x 101
70oC 20 Atm
70°C 20 Vac
.
1 Atm = Atmospheric Pressure
2Vac = Test Vacuum Pressure, 10-6 Torr
it
nTABLE 11 TIME -TEMPERATURE EXPOSURES FOR VACUUM AND CONTROL RUNS
1) Time is expressed in minutes.
2) Temperature is expressed in o u r^nLigrade.	 7
'3) Thermocouple locution A, is at top flange.
Thermocouple location B is at; upper end of spovv strip,
Thermocouple location C is at middle of spore :st y 1p,
Thermocouple location D is at lower end of spore strip.
.
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700 C - 2 Hours
Vacuum Control
Time A B	 C	 D A B C D
0 29.4 29.4 29.4 29.4 28.9 29.1 30.0 30.0
20 42.2 31.1 31.1 32.2 37.2 31.1 31.7 32.2
40 49.7 34.1 35.5 37.2 45.0 36.0 36.7 39,0
60 59.4 65.5 66.9 67.2 58.0 62.5 62.5 65.0
108 65.5 65.5 66.0 65.5 71.0 68.5 69,0 69.0
120 69.4 7 1.6 71.6 70.2 68.5 69.5 70.0 70.0
140 70.5 68.8 69.4 68.5 70.0 70.0 70,0 70.5
160 70.2 68.8 69.1 69.1 71.0 70.0 70.5 70.5
170 70.5 70.2 70.2 70.2 71.5 70.0 70.5 70.5
190 70.8 70.8 71.0 71.0 70.5 70.5 70.5 70.5
202 70.5 70.8 71.3 71.3 70.0 70.0 70.0 70.0
211 70.5 70.8 71.3 71.3
220 70.5 70.8 71.3 71.3
v: '4.
C	 2 Hours
Vacuum^ Control
Tina A B C D A B C D
0 29.0 26.0 26.0 25.5 27.0 25.5 25.5 25.5
85 89.5 88.5 89.0 89.0 91.0 88.5 88.5 88.5
95 89.5 89.0 89.5 89.5 90.0 88.5 88.5 88.5
115 88.5 89.0 89.0 89.5 88.5 88.5 90.0 89.0
135 88.5 89.0 89.5 89.5 91.0 90.0 91.0 91.0
155 88.5 89.5 90.0 90.0 90.0 90.5 91.0 91.5
175 88.5 89.5 90.0 90.0 90.0 90.0 91.0 91.0
188 90.0 90.0 90.0 90.0 90.0 90.0 90.5 90.5
195 91.0 90.0 90.0 90.0 91.0 90.0 90.5 90.5
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110 0 C - 2 Hours
vaeut-Im	 Control
Time
	 A	 B	 C	 D	 A
0 10.5 24.5 24.5 24.5 29.5 26.0 26.0 26.0
30 0.0 39.0 40.5 44 0 65.5 44.0 45.5 4-1.5
75 92.5 88.0 91 0 88,10 94.0 98.5 90.0 97,0
100 98.5 106.0 111.5 106.0 107.0 109.0 109.5 109.0
120 106.0 109.0 110,5 112.0 11510 11110 11110 111.0
130 106.0 109.0 110.5 111.5 115.0 111.7 111,7 111.7
210 110.5 109.,5 110.5 111.0 109.0 112.0 113,3 113.3
220 110.5 109.0 110.5 110.5 109.0 111.7 112.2 113.3
700 C - 20 Hours
Vacuum Control
Time A B C D A B C D
0 29.4 29.4 29.4 29.4 30.0 29.5 29.5 29.0
20 38,8 30.5 30.5 30.5 39.0 30.5 30.5 30.5
40 45.0 32.7 32-.7 34A Ij-7,5 34.5 35.0 '35.5
60 54 7 05.8 65.5 65.5 01.0 59.5 60.5 01.0
108 64.4 64.9 64.9 04.1 68.5 69.5 70.0 70.0
120 69.9 69.9 69.9 68.5 72.0 70.0 70.0 70.5
140 70.5 69.9 69.9 68.5 71.0 71-0 71.0 71.0
160 69,9 69.9 69.9 68.8 70.0 70.0 70.5 70.5
170 69.9 70.2 70.5 70.5 70.0 70.0 70.0 70 0
190 69.9 70.5 70.8 70.8 69.5 69.5 69.5 69.5
202 69.9 70.2 70.5 70.5 69.0 69.5 69.5 69.5
211 69.9 69.9 70.5 70.5 69.5 69.5 69.5 69.55
220 69.9 70.2 70.5 70.5 69.0 69.5 69.5 69.5
242 68.8 69.9 70.2 70.2 69.0 69.0 69.0 69.0
258 68.3 69.9 69.9 69.9 69.0 69.0 69.0 69.0
275 68.5 68.8 69.1 69.1 69.5 69.5 69.5 69.5
310 69.9 69.9 70.2 70.2 69.5 70.0 70.0 70.0
340 70.2 69.9 69.9 69.1 70.0 70.0 70.0 69 5
370 69.9 69.9 69.9 69.9 70.0 70.0 70.0 70.0
400 69.9 69.9 70.2 70.2 70.5 70.5 70.0 70.0
430 69.1 69.,4 69.6 69.6 70.0 MO 70.0 70.0
460 69.9 69.9 69.9 69.9 MO 70.0 70.0 69.5
490 69.9 69.9 69.9 69.1 70.0 70.0 70.0 70.5
.520 70.2 70.2 70.2 70.2 70.0 70.0 70.0 70.0
550 68.3 68.8 69.6 69.6 70.0 70.0 70.0 70.0
580 69.9 70.5 70.5 70.2 70.5 70.5 70.5 70.0
610 70.2 70.5 70.5 70.5 70.5 71.0 71.0 71.0
670 69.9 70.2 70.5 70.5 70.5 70.5 70.5 70.0
730 69.9 69.9 69.9 69.1 70.0 70.5 70.5 70.5
790 69.9 69.9 69.9 69.9 70.0 70.5 70.5 70.5
850 69.9 69.9 69.9 69.9 70.0 70.0 70.0 70,0
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700 C_j 20 Houp (continued)
, 
Vacuum Control
TImp A B C D A B
910 09.9 o9.9 69.9 69.9 70.0 70.0 70.0 70.0
VO 69.9 69.9 69.9 69.9 70.0 70.0 70,0 70.0
1030 69.9 69.9 69.9 69.9 70.0 70.0 70,0 69.5
1090 69.9 69.9 69.9 69,9 70.0 69.5 69.5 60.5
1150 69.9 69.9 70.2 70.2 70.5 70.5 70.5 10 5
1210 70.2 70.2 70.2 70.2 70.5 70.5 70.5 70.5
1270 70.2 70.2 70.2 70.2 71.5 70.0 70,0 70.0
90'_C_: 20 Hours
Vacuum Control
Time A B C D A B C D
0 26.0 25.5 25.5 25.5 25.5 25.0 25.0 25.0
25 37.5 28.0 29.0 29.5 37.5 29.0 29.0 30.5
70 54.5 44.0 46.5 49.5 59.5 48.5 49.5 51.5
85 61.0 51.5 53.5 56.0 66.0 54.5 54.5 56.5
140 71.5 705 71.5 71.5 80.5 73.5 74.0 74.0
215 94.5 92.5 92.5 91.5 89.5 91.0 91.5 92.0
255 88.5 89.5 91.0 91.0 9110 914 91.0 90.5
302 89.0 89.0 89.0 89.0 90.0 89.0 89.5 96.0
335 89.5 89.0 89.0 89.0 91.0 91.0 91.0 91.5
370 92.5 90.0 90.0 90.0 91.0 90.0 90.0 90.0
405 91.0 90.5 90.5 90.0 90.0 91.0 91.5 91.5
435 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
475 88.5 89,5 90.0 90.0 88.5 88.5 88.5 88.5
525 88.5 89.5 90.0 90.0 88.5 88.5 89.0 89.0
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An increase of temperature to 7000 at vacuum pressure
(10-V Torr) has a variable effect on the survival bacterial
spores (Table IV) . Bacillus sp. G2 ,spores (Figure 8) have a
D-value of 4931 under these conditions, while spores of B.
subtilis var ni, er show no loss of viability (Figure 9).^
Spores of 01 sporogenes (Figure 10) are slightly susceptible
to 70°C at atmospheric_ ressure, D-value 13.81 1 and very sus-
cegtible to 7000 at 10-9 Torr, D-value 4.48. it appears
70 C is not suitable for sterilization of resistant bacterial
spores during a reasonable length of time.
Table V presents the survival data for spores heated at
900C at atmospheric and vacuum (10 -6 Torr) pressures. The
regression curve and D-values for spores Bacillus sp. G2
(Figure 11) show that these spores are only slightly effected
at atmospheric and vacuum pressures. However, this is in-
consistent with the data for 70 O (Table IV and Figure 8),
which indicated spore suceptibility. A satisfactory explanation
for this anomaly cannot be provided. It most certainly lies
in the experimental procedure.
Spores of B. subtilis var niger are more susceptible to
90oC at vacuum pressure, D-value 10.67, than at atmospheric
pressure, D value 87.47 (Figure 12).
C1 sporogenes spores are susceptible to 90 0C at atmospheric
press^zre, D-value 3.49, and vacuum pressure, D-value 3.73
(Figure 13).
The regression curves for all test .spores at 90 O (Figures
11, 12 and 13) show a trend of increased susceptibility to heat
at vacuum pressure.
Resistant bacterial spores subjected to 110 0C demonstrate
a markedly increased susceptibility at vacuwn pressure (Table
VI). Thia is very evident for spores of Bacillus sp. G2
( Figure 14) with a D-value of 3.13 at vacuum pressure and , a
D-value of 7.27 at atmospheric pressure. Spores of B. subtilis
var n_„g_t,r also demonstrate increased susceptibility at vacuum
pressure, D-value 2.92 9 when compared with their D-value,
4.5;1, at atmospheric pressure. The spores of C1 sporogenes
are so susceptible to 1100C temperature that it makes little
difference if the pressure is atmospheric or vacuum (Figure 16).
t'
3.4 Conclusion - It is evident that for sterilization procedures
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the 119°0 would offer the shortest exposure time. In addition
at 110 C vacuum pressure (10`6 `Sorr) increases the susceptibility
of terrestrial bacterial spores to heat sterilization.
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